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DOWNHOLE ELECTROMAGNETIC SEISMIC 
SOURCE 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is related to the application entitled 
NONDESTRUCTIVE DOWNHOLE SEISMIC VI 
BRATOR SOURCE AND PROCESSES OF UTI 
LIZING THE VIBRATOR TO OBTAIN INFOR 
MATION ABOUT GEOLOGIC FORMATIONS by 
BJORN N. P. PAULSSON ?led concurrently here 
with and assigned U.S. Ser. No. 841,074 and ?led Mar. 
18, 1986. Said application is completely incorporated 
herein by reference for all purposes . 

BACKGROUND OF THE INVENTION 

The present invention relates to a downhole seismic 
energy source which electromagnetically generates 
seismic waves for geophysical exploration. 
The use of seismic sources on the surface is common 

in geophysical exploration. With the developments in 
vertical seismic pro?ling (V SP) and cross borehole 
technology, the need for a downhole source has in 
creased. A downhole source makes VSP and cross 
borehole measurement practical, however, downhole 
seismic sources are uncommon, have limited depth and 
frequency range, and typically are either low power or 
destructive. 
Due to design constraints of placing a source down a 

wellbore, at present there is no adequate downhole 
seismic source. Dimensions of a downhole source are 
limited by the size of the wellbore. Typical downhole 
tools must be limited to about 12.5 cm (~5 inches) in 
diameter. The source must also be able to withstand the 
temperature, pressure, and ?uids encountered at depths 
of 6000 meters (~20,000 ft) beneath the surface. Ade 
quate power must be transmitted from the surface to the 
source or the source must carry its own power supply. 
The source must then generate forces of between 1,000 
and 18,000 newtons thereby creating seismic waves 
which may be detected in another well or from the 
surface at desired offsets from the well. The downhole 
source should be controllable and capable of variation 
in frequencies generated. Most importantly, the down 
hole source must do all these things without damaging 
the well. 

SUMMARY OF THE INVENTION 

The present invention is a downhole seismic source 
comprising an outer housing, a means for clamping the 
housing securely within the wellbore, and a linear elec 
tromagnetic actuator. The actuator has an armature 
winding comprised of a multicircuit coil attached to the 
housing. A reaction mass, constructed of magnetically 
active material such as iron, is slidably positioned coaxi 
ally about the armature winding and vibrates when 
current is applied to the coil. The reaction mass has a 
cylindrically shaped inner core which is preferably 
constructed substantially from rare earth permanent 
magnetic material and is slidably positioned inside the 
armature winding. A cylindrically shaped outer core is 
positioned coaxially outside the armature winding and 
may be ?xed either to the housing or the inner core. 

OBJECTS OF THE INVENTION 

The design of the present invention permits the min 
iaturization of a vibrator unit which may ?t down a 
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2 
borehole and may achieve force levels of between 1000 
and 18,000 newtons which are orders of magnitude 
greater than available heretofore. The present invention 
generates detectable seismic waves, that is, waves 
which have been transmitted into the formation and can 
be detected by sensing devices positioned in the well 
bore itself, on the surface, or in an adjacent wellbore. 
The present invention makes cross borehole measure 
ments and vertical seismic pro?les in existing oil ?eld 
wells practical. Equipped with motion sensors, the pres 
ent invention may also operate as a downhole seismic 
logging tool. Power to the vibrator may be supplied 
electrically downhole using existing technology. The 
present invention may generate seismic waves in a fre 
quency range of l0—l,500 Hz which is signi?cantly 
higher range than that achieved by existing pneumatic 
downhole vibrators. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an embodiment of a downhole seis 
mic source within a cutaway view of a wellbore; 
FIG. 2 illustrates a diagrammatic top view section of 

the downhole seismic source of FIG. 1 taken along line 
2—2; 
FIG. 3 illustrates a diagrammatic section of an alter 

native embodiment of a downhole seismic source within 
a cutaway view of a wellbore; 
FIG. 4 illustrates a diagrammatic top view section of 

the embodiment of FIG. 3 taken along line 4-—4; 7 
FIG. 5 illustrates an alternative linear electromag 

netic actuator; 
FIG. 5A illustrates a diagrammatic top view section 

of the actuator of FIG. 5 taken along line 5A——5A; 
FIG. 6 illustrates a diagrammatic section of an alter 

native downhole seismic source with a horizontally 
oriented linear actuator; 
FIG. 7 illustrates three-dimensional vertical seismic 

pro?ling using the downhole seismic source; 
FIG. 8 illustrates cross borehole tomography using 

the downhole seismic source; 
FIG. 9 is a graph comparing borehole stresses be 

tween downhole sources of dynamite, airgun, and vi 
brator; and 
FIG. 10 is a graph comparing effective energies be 

tween downhole sources of dynamite, airgun, and vi 
brator. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The various process and apparatus embodiments of 
the invention will be more clearly illustrated by refer 
ring to the ?gures. FIG. 1 illustrates a downhole seismic 
source 20 within an earth formation 100 penetrated by a 
wellbore 10 which would typically be completed with 
casing (not shown) cemented in place. The seismic 
source 20 is lowered into the wellbore 10 with cable 29. 
The seismic source 20 includes a suitable clamping 

means to couple the source securely in place at a prede 
termined location within the wellbore. The clamping 
means should generate a force which is at least greater 
than the force output generated by the seismic source 20 
during operation. This force should be approximately 
twice the generated vibrating force but in any case less 
than the force necessary to fracture or break the casing 
or wellbore liner, or damage the cement. In FIG. 1 and 
sectional view FIG. 2, a suitable clamping means for 
coupling the source 20 securely to the wellbore is illus 
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trated as a hydraulic clamping means 60 comprising 
hydraulic pistons 64a, 64b, 64c, 64d, 64e, 641$ 64g, and 
64h connected together by plates 66a, 66b, 66c, and 66d. 
During the operation of the clamping means and re 
sponding from a signal from the surface, electric motor 
52 powers hydraulic pump 54. Control valves 56 are 
actuated such that the hydraulic ?uid pressurizes pis 
tons 64a-h forcing them out thereby engaging plates 
66a‘d with the wellbore 10. Alternatively, a hydraulic 
line (not shown), which is part of cable 29, may be 
pressurized from the surface in order to actuate the 
pistons 64a-h. Such an alternative supply of hydraulic 
pressure may prove more convenient for shallow wells. 
The surface of plates 66a-d may be serrated or 

grooved to provide additional friction between the 
vibrator surface and the borehole wall. Such serrations 
generate very high point forces when clamping plates 
66a—d contact wellbore 10, thereby eliminating or mini 
mizing slippage. 
An electromagnetic linear actuator means 30 is at 

tached to the housing 32 by any suitable means such as 
bolts, welds and the like. The actuator 30 comprises a 
cylindrically shaped shell 34 having an outer portion 
attached to the housing 32 and an inner portion which 
may be constructed of magnetically active material. An 
armature winding 38 comprised of multicircuit coils is 
attached to the inner portion of the cylindrical shell 34. 
An inner core reaction mass 42 is slidably positioned 
inside of the armature winding 38. The inner core reac 
tion mass 42 is also substantially constructed of magneti 
cally active material, such as iron or iron alloys, or 
permanent magnetics. To achieve higher forces, rare 
earth permanent magnetic material such as samarium 
cobalt or Neodymium-Iron-Boron may be utilized for 
construction of reaction mass 42 or shell 34. It is antici 
pated that the reaction mass 42 will be constructed 
substantially from a permanent magnetic material hav 
ing a remanent magnetic ?eld of at least 0.9 T such as 
the rare earth permanent magnetics. In the preferred 
embodiment of actuator 30, reaction mass 42 will have 
an iron core laminated with the rare earth permanent 
magnetic material. The reaction mass 42 has a center 
shaft 40 which may be constructed of stainless steel for 
mechanical constraints and may be aligned by linear 
bushings 44a&b. The reaction mass 42 may be sup 
ported by variable rate springs 46a&b to neutralize the 
weight of the reaction mass 42. 

It is also conceivable that the armature windings 38 
could be attached to the reaction mass 42 instead of 
outer shell 34. In such a design the outer shell 34 would 
probably be constructed from rare earth permanent 
magnetic material and the armature windings 38 would 
comprise part‘of the moveable reaction mass 42. 
The multicircuit coils of armature windings 38 are 

designed to vibrate the reaction mass 42 parallel to the 
borehole 10. For example, since the typical borehole is 
vertical in orientation, the reaction mass 42 will also 
vibrate in a vertical direction. Such a motion will impart 
forces into the formation 100 generating vertical shear 
waves (Sy-WGVCS) in the horizontal direction and com 
pressional waves (P-waves) from the vertical to sub 
vertical (O°—45’ from vertical) direction. 
The inner core reaction mass 42 of actuator 30, hav~ 

ing a mass of approximately 100 kg, will be approxi 
mately 1 meter in length to achieve forces in excess of 
1000 newtons. It is envisioned that longer reaction 
masses of 2 meters in length may provide greater forces 
or superior vibrator characteristics. The design of the 
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present invention may be capable of achieving forces of 
up to 18,000 newtons. 
The downhole seismic source 20 of FIG. 1 also in 

cludes motion sensing devices 78 which are secured to 
the borehole wall 10 by expandable boot 76. Sensing 
devices 78 are seismic sensing devices, such as acceler 
ometers or geophones, designed to detect vibration of 
the wellbore wall 10. The sensing devices 78 are vibra 
tionally isolated from the rest of the seismic source by 
an acoustic isolator 70. 

Additional motion sensing devices (not shown) may 
be included within the seismic source 20 which are not 
isolated from the linear actuator 30. By comparing sig 
nals from the isolated sensing devices 78 and the noniso 
lated devices, information may be obtained on the 
clamping effectiveness and the energy transmission into 
the formation. 
An electronics package 72 receives command signals 

from the surface and controls the various components 
of the seismic source. The electronics package also 
receives signals from the motion sensing devices 78 and 
transmits them to the surface. It is preferred that the 
electronics package 72 be isolated from the vibrations of 
actuator 30 by the acoustic isolator 70 to avoid vibra 
tion damage to sensitive electronic instruments. Further 
vibrational protection may be achieved by positioning 
the electronics package 72 below the boot 76 and mo 
tion sensing devices 78. 

Alternatively, multiple actuators, two or more in 
series, may be included within a single source. FIG. 3 
shows a section of an alternative embodiment of an 
electromagnetic source 120 having two linear electro 
magnetic actuators 130 & 230. Though details of actua 
tors 130 and 230 are not identi?ed, the design is the 
same as the actuator 30 of FIG. 1 in all respects. The 
source 120 is lowered into wellbore 10a by cable 129. 
FIGS. 3 and 4 also show an alternate clamping means 

' 160 having a single plate 166‘actuated by pistons l64a&b 
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into contact with wellbore 10a and pushing the housing 
132 of source 120 against the opposite side of wellbore 
10a. The housing 132 contacts the wellbore 10a at its 
contact pads 132a&b. 
FIG. 3 also shows an alternative embodiment by the 

addition of a second clamping means 260 which pro 
vides additional clamping stability for source 120. Plate 
266 is actuated by pistons 264a&b, while first clamping 
means 160 has plate 166 actuated by pistons l64a&b. 
Conjunctively, clamping means 160 and 260 push hous 
ing 132 against the opposite side of wellbore 10a cou 
pling the source 120 securely within the wellbore 10a. 
The surfaces of contact plates 166 and 266 and 

contact pads 132a&b may be serrated or grooved to 
improve friction contact between the surfaces and well 
bore 10a. _ 

FIGS. 5 and 5A illustrate the preferred embodiments 
for the linear electromagnetic actuator of the present 
invention. The actuator 430 of FIG. 5 also more closely 
approximates the relative length to width proportions 
of the actuator (as compared to the compressed appear 
ance of actuator 30 in FIG. 1). FIG. 5 shows an arma 
ture winding 438 comprised of multicircuit coils at 
tached to the housing 432. The armature winding 438 
has a cylindrical shape about a center axis. Both inside 
and surrounding the armature winding 438 is the reac 
tion mass 431 comprised of a center shaft 440, an inner 
core 442a/b and an outer core 434a/ b. The center shaft 
440 is coaxially positioned within the armature winding 
438. Center shaft 440 is adapted to be slidably movable 
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along its lengthwise axis. A cylindrically shaped inner 
core 442a/b is attached to the center shaft 440 and is 
coaxially positioned between armature winding 438 and 
center shaft 440. The outer core 434a/b is also attached 
to center shaft 440 and_is coaxially positioned outside 
the armature winding 438. A bridging means 435 passes 
through the coils of armature winding 438 connecting 
the outer core 434a/b to center shaft 440. Both the inner 
core 442a/b and the outer core 434a/b are constructed 
from magnetically active material such as iron, iron 
alloys, or permanent magnetics. To achieve higher 
forces, a permanent magnetic material having a high 
remanent magnetic ?eld of at least 0.8 T or higher may 
be required. A remanent magnetic ?eld of 0.9 T or 
higher would be preferred. Rare earth permanent mag 
netic material such as samarium cobalt or Neodymium 
Iron-Boron may be utilized. 

Center shaft 440 may be constructed of stainless steel 
if required for mechanical properties and may be 
aligned by linear bushings 444a&b. The reaction mass 
431 may be supported by variable rate springs 446a&b. 

It is anticipated that there will be several feasible 
designs for an optimum actuator. FIG. 5 illustrates two 
preferred designs. The ?rst embodiment has the inner 
core 442a/b constructed substantially from rare earth 
permanent magnetic material. Speci?cally, the inner 
core outer portion 442b will be constructed from rare 
earth permanent magnetic material while the inner core 
inner portion 442a and outer core 434a/b are con 
structed from a magnetically active material such-as 
iron or iron alloy (in this case not permanent magnet 
ics). 
Such an optimum design provides a complete path for 

the magnetic ?eld around the armature winding 438 
ef?ciently utilizing the superior magnetic characteris 
tics of the rare earth permanent magnetic material. The 
inner core outer portion 442b is a layer of rare earth 
permanent magnetic material next to the armature 
winding 438 which reacts with the magnetic ?eld from 
the armature winding 438 The inner core inner portion 
442a constructed from iron provides a magnetic path 
along the center of the the reaction mass 431 inside the 
armature winding 438. The outer core 434a/b also con 
structed from iron provides a path for the magnetic ?eld 
outside the armature winding 438. 
The second preferred embodiment has the outer core 

434a/b substantially constructed from rare earth perma 
nent magnetic material. Speci?cally, the outer core 
inner portion 434b is constructed from rare earth per 
manent magnetic material with the outer core outer 
portion 434a and inner core 442a/b constructed of mag 
netically active materials such as iron or iron alloys 
(nonpermanent magnetics). 

It is also conceivable that the armature windings 438 
could comprise part of the moveable reaction mass and 
be attached to shaft 440. The magnetic ?eld would still 
be through inner core 442a/b and outer core 434a/b, 
but they would be attached to housing 432 instead of 
shaft 440. 

All the embodiment already described have an elec 
tromagnetic armature winding reacting with a magneti 
cally active material. It is also conceivable that the 
actuator may be comprised of electromagnetic coils 
both attached to the housing and coils in the reaction 
mass. A limitation may be the heat generated by such a 
con?guration. Downhole cooling, such as immersion in 
liquid nitrogen, may be required. Super conductors may 
be required due to size limitations. 

IO 

20 

25 

30 

35 

45 

50 

55 

60 

65 

6 
There are instances when a geophysicist would desire 

this source to produce horizontal shear waves (83 
waves). The multicircuit coils of armature windings 38 
(shown in FIG. 1) may be designed to exert torsional 
force on the inner core reaction mass 42 thereby rotat 
ing the reaction mass. By alternating the current direc 
tion, reaction mass 42 may vibrate in a twisting motion 
relative to the lengthwise axis of shaft 40. Such a motion 
will generate a horizontal shear wave (SH-wave) into 
the formation 100. The armature windings 438 of FIG. 
5 may be similarly adapted to provide torsional motion. 
There are instances where a compressional wave 

(P-wave) is desirable. FIG. 6 shows still another alter 
native electromagnetic linear actuator 330 which gener 
ates horizontal accelerations. A series of small actuators 
330a, 330b, and 3300 are oriented perpendicularly to the 
wellbore 10 which, relative to a vertical wellbore, 
would be in a horizontal direction. The actuators 
330a-c are comprised of cylindrically shaped shells 
3340-0 having outer portions attached to an outer hous 
ing 332 and inner portions which may be constructed 
substantially of magnetically active material. Armature 
windings 338a—c comprised of multicircuit coils are 
secured to the inner portions of shells 334a-c. The reac 
tion masses 342a~c are constructed of magnetically 
active material and have center shafts 340a—c aligned by 
linear bushings 344a-c. The reaction masses 3420-0 may 
be supported by variable rate springs 346a-c to neutral 
ize the weight of the reaction masses 342a-c or improve 
inertia characteristics. Though FIG. 6 shows three ac 
tuators (330a-c), it is conceivable that other numbers of 
actuators may be con?gured within a single seismic 
source. Since the vertically oriented actuator of FIG. 1 
may be approximately one meter in length, it is envi 
sioned the horizontally oriented source of FIG. 6 may 
require ten or more actuators similar to actuator 330a. 
The actuator 430 of FIG. 5 may also be similarly 
adapted to horizontal orientation. 
For example in the typical vertical borehole, the 

reaction masses 342a-c vibrate in a horizontal direction 
perpendicular to the wellbore. Such a motion will im 
part forces into the formation generating compression 
waves (P-waves) in the horizontal direction and vertical 
shear waves (Sv-waves) from the vertical to sub-vertical 
(0°-45° from vertical) direction. 
When the actuator is oriented perpendicularly as the 

actuators 330a-c of FIG. 6, it is anticipated that the tool 
will required dual clamping means (such as indicated by 
FIG. 3) with the actuators located between the clamps 
(the same location as actuator 230 in FIG. 3). Also 
anticipated is the probable need for clamp design alter 
native to the hydraulically actuated pads. A particular 
problem occurs when the motion of actuator vibration 
is in the same direction as the clamp actuators as in the 
case of a perpendicularly oriented actuator. The fluid 
?lled pistons of the clamp actuators act as a shock ab 
sorber which distort or absorb vibrational energy in 
tended to be transmitted into the formation. An alter 
nate clamp design would be preferred such as a wedge 
clamp design. A driving mechanism such as a hydraulic 
piston or a mechanical screwdrive drives a driving 
wedge parallel to the borehole which in turn drives 
contact wedges which are dovetail to the driving 
wedge out into contact with the wellbore. Such a 
wedge clamp design does not depend solely on hydrau 
lic pressure in the direction of vibratory motion to se 
cure the tool. 



4,715,470 
7 

Crucial to the present invention is the small, high 
powered linear actuator. Referring to FIG. 1 for exam 
ple, the reaction mass 42 is substantially constructed 
from a rare earth permanent magnetic material such as 
samarium cobalt or Neodymium-Iron-Boron. Alterna 
tively, the reaction mass 42 may be constructed of iron 
or iron alloy and laminated with the rare earth perma 
nent magnetic material. 
Such linear actuators are available from a suitable 

electric motor manufacturer. General Electric, for ex 
ample, designs motors for automobile power windows 
which must utilize rare earth permanent magnets to 
achieve adequate output power but ?t inside a car door. 
By providing appropriate speci?cations to a motor 
manufacturer‘ which does custom motor design work 
such as the Hamon Company,‘ Canton, Ohio or the 
Sonceboz Corp., Plainview, Long Island, NY, the de 
sired actuator may be obtained. For example, one could 
specify a linear electromagnetic actuator of no more 
than about 10 cm ~(4 inches) in diameter, 15-2 meters 
in length, and generating a magnetic ?eld of suf?cient 
magnitude to accelerate a reaction mass thereby pro 
ducing vibratory force of up to and exceeding 6,000 
newtons. 
FIG. 7 pictorially illustrates a cutaway three-dimen~ 

sional view of a vertical seismic pro?ling (V SP) opera 
tion using the downhole seismic source 30.‘ VSP can be 
easily and quickly accomplished through the use of a 
downhole seismic source 30 to generate the seismic 
wave with a multitude of surface geophones 675 along 
geophone ‘strings 650a~d connected to a recording 
truck 600. The logging truck 200 lowers the seismic 
source 30 on cable 29 into wellbore 500; The seismic 
source 30 is operated to generate the seismic waves of 
interest, i.e., SV-waves, P-waves or S H-waves, while the 
geophones record the direct and re?ected seismic 
waves (1000/2000). Since the geophones do not have to 
be lowered into the wellbore environment and a vast 
array of surface geophones may be utilized, the pro?l 
ing of the formation may be done quickly and ef? 
ciently. 
FIG. 8 illustrates the use of a downhole seismic 

source 30 to perform crosswell tomography. In cross 
well tomography, a logging truck 2000 lowers into a 
?rst well 400a at least one or a plurality of seismic 
sources 30 which generate the desired seismic waves, 
i.e., SV-waves, S H-waves, or P-waves, directed out into 
the formation 100 toward at least one receiver well 
40%. The well 400b contains geophones 650a-d sus 
pended therein and connected to the appropriate re 
cording truck 6000 on the surface. As the seismic source 
or sources 30 in well 4000 generate seismic waves, these 
waves are detected by receivers 650a-n within the well 
400b thereby generating a relative seismic picture of the 
geologic formation between wells 400a and 40Gb. Since 
the weathering layer normally attenuates seismic waves 
generated on the surface, surface to well tomography 
cannot be carried out for frequencies greater than about 
100 Hz due to the attenuation problems. Of course, the 
lower the frequency, the less re?ned the readings are 
because the greater the wavelength of the seismic 
waves and thus the lower the resolution. Use of the 
downhole seismic source of the present invention ac 
cording to FIG. 8 enables the generation of high fre~ 
quency seismic waves, i.e., greater than 100 Hz, to raise 
the resolution and narrow the ?eld of view so that 
smaller and smaller zones within a given formation may 
be viewed. The technique can be extremely valuable for 
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applications where the oil producing zones are rela 
tively thin and thus information about them is hard to 
obtain. This technique may also have application for 
detecting fracture zone in a rockmass candidate for high 
level nuclear waste storage or for monitoring the ther 
mal load from high level nuclear waste emplaced in a 
rockmass. 
FIG. 9 and FIG. 10 are graphs comparing the bore 

hole stresses and effective energies between several 
downhole sources, namely a 500 gram (1.1 lb) dynamite 
charge, a 655 cu.cm. (40 cu. inch) airgun, and a vibrator 
having an 18,000 newton (4,000 lbf) output. The values 
are applicable around 100 hz, a frequency which is 
within the usual frequency band. The ?gures show the 
vibrator may achieve high effective energies with low 
borehole stresses. The 10 psi borehole stress induced by 
the vibrator is only half the recommended maximum 
induced shear stress on the casing cement interface 
according to American Petroleum Institute standards 
(API RP2A Oct. 22, 1984). 
The motion sensing devices 78 shown in FIG. 1 also 

enable the present invention to operate as a downhole 
seismic logging tool. The seismic vibrations generated 
by the actuator 30 travel into the formation 100 where 
they are reflected or refracted back and then detected 
by the sensing devices 78. The sensing devices are iso 
lated from tool vibrations by isolating means 70. By 
analyzing the signals detected, information about the 
formation surrounding the wellbore may be deduced. 
Most surface seismic recording is in a range of 10 to 200 
hz. The downhole vibrator of the present invention may 
generate seismic signals at the same frequency as that 
recorded from surface seismic sources. Logs obtained 
by the present invention using the same frequency as 
surface generated seismic data will provide better cor 
relation with surface generated seismic data than that 
obtained by existing logging tools which operate at 
much higher frequencies. The present invention also 
has greater wave penetration than existing tools because 
of its higher power output capability. 
Three component geophones and/or accelerometers 

are preferred for the motion sensors 78. Though FIG. 1 
illustrates only a single motion sensor package (76 and 
78), a series of separately coupled sensor packages is 
envisioned. Each sensor package would be acoustically 
isolated from both the other seismic sensor packages 
and the seismic source housing 32. 
The present seismic source can be used to perform 

the processes of copending application entitled NON 
DESTRUCTIVE DOWNl-IOLE SEISMIC VIBRA 
TOR SOURCE AND PROCESSES OF UTILIZING 
THE VIBRATOR TO OBTAIN INFORMATION 
ABOUT GEOLOGIC FORMATIONS by BJON N. 
P. PAULSSON ?led concurrently herewith and as 
signed U. S. Serial No. 841,074 and filed Mar. 18, 1986. 
Said application is completely incorporated here by 
reference for all purposes. 
The invention has been described with reference to 

particularly preferred processes of using the downhole 
seismic source and particularly preferred embodiments 
of the electromagnetic downhole seismic vibrator 
source. Modi?cations wbich would be obvious to one of 
ordinary skill in the art are contemplated to be within 
the scope of the invention. 
What is claimed is: 
1. A downhole seismic source comprising: 
a housing; 
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a clamping means for coupling said housing securely 
within a wellbore; and 

a linear electromagnetic actuator within said housing 
comprising; 
(a) a cylindrically shaped shell having an outer 

portion attached to said housing and an inner 
portion; 

(b) an armature winding attached to said inner 
portion of said shell; and 

(c) an inner core reaction mass slidably positioned 
inside said armature winding such that motion of 
said mass will impart substantially shear waves 
and presure waves on a surrounding formation, 
said reaction mass substantially constructed from 
a magnetically active material and moving along 
its lengthwise axis when said armature winding is 
energized. 

2. The downhole seismic source according to claim 1 
wherein said actuator is capable of achieving forces 
exceeding about 1,000 newtons. 

3. The downhole seismic source according to claim 1 
wherein said actuator is capable of achieving forces of 
between about 12,000 and 18,000 newtons. 

4. The downhole seismic source according to claim 1 
wherein said actuator is capable of achieving forces of 
between about 1,000 and 18,000 newtons. 

5. The downhole seismic source according to claim 1 
wherein said magneticallyactive material is selected 
from: iron, iron alloys, permanent magnetic material, 
and mixtures thereof. 

6. The downhole seismic source according to claim 5 
wherein said permanent magnetic material has a rema 
nent magnetic'?eld of at least about 0.9 T. 
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7. The downhole seismic source according to claim 5 ’ 
wherein said permanent magnetic material is a rare 
earth permanent magnetic material. 

8. The downhole seismic source according to claim 7 
wherein said rare earth permanent magnetic material is 
samarium cobalt. 

9. The downhole seismic source according to claim 7 
wherein said rare earth permanent magnetic material is 
Neodymium-Iron-Boron. 

10. The downhole seismic source according to claim 
1 wherein said inner core reaction mass is comprised of 
iron laminated with a rare earth permanent magnetic 
material. 

11. The downhole seismic source according to claim 
1 wherein said inner portion of said shell is substantially 
constructed from magnetically active material. 

12. The downhole seismic source according to claim 
1 further comprising: a second linear electromagnetic 
actuator. _ 

13. The downhole seismic source according to claim 
1 wherein said actuator is oriented in parallel with re 
spect to the wellbore and said reaction mass vibrates 
along its lengthwise axis. 

14. The downhole seismic source according to claim 
1 wherein said actuator is oriented in parallel with re 
spect to the wellbore and said reaction mass is rotatable 
about its lengthwise axis and vibrates torsionally in a 
twisting motion. 

15. The downhole seismic source of claim 1 wherein 
said actuator is oriented perpendicularly with respect to 
the wellbore and said reaction mass vibrates along a 
lengthwise axis of said reaction mass. 

16. The downhole seismic sources according to claim 
12 wherein said actuators are oriented perpendicularly 
with respect to the borehole and have reaction masses 
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10 
which vibrate perpendicularly along their lengthwise 
axes. 

17. The downhole seismic source according to claim 
1 wherein said seismic source is less than about 12.5 cm 
in diameter and said linear actuator is at least about 1 
meter in length. 

18. The downhole seismic source according to claim 
1 further comprising at least one seismic sensing device, 
said motion sensing device being acoustically isolated 
from said actuator and capable of being independently 
coupled to the wellbore, said motion sensing device 
selected from the group consisting of: accelerometers 
and geophones. 

19. The downhole seismic source according to claim 
18 further comprising a non-isolated motion sensing 
device, said non-isolated motion sensing device being 
acoustically coupling to said actuator. 

20. A downhole seismic source comprising: 
a housing; 
a clamping means for coupling said housing securely 

within a wellbore; and 
a linear electromagnetic actuator within said housing, 

comprising; 
(a) an armature winding attached to said housing, 

said armature winding having a cylindrical shape 
around a center axis; and 

(b) a reaction mass within said housing comprising: 
(i) a center shaft coaxially positioned inside said 

armature winding and adapted to be slidably 
movable along its lengthwise axis; 

(ii) a cylindrically shaped inner core attached to 
said center shaft and coaxially positioned be 
tween said center shaft and said armature 
winding, said inner core being substantially 
constructed from a first magnetically active 
material; and 

(iii) a cylindrically shaped outer core attached to 
said center shaft and coaxially positioned out 
side said armature winding, said outer core 
being substantially constructed from a second 
magnetically active material; 

said reaction mass moving reiteratively from a 
?rst position to a second position when said ar 
mature winding is energized such that substan 
tially shear waves and pressure waves are im 
parted on a surrounding formation. 

21. The downhole seismic source according to claim 
20 wherein said ?rst and said second magnetically ac 
tive material are selected from: iron, iron alloys, perma 
nent magnetic material, and mixtures thereof. 

22. The downhole seismic source according to claim 
21 wherein said permanent magnetic material has a 
remanent magnetic ?eld of at least about 0.9 T. 

23. The downhole seismic source according to claim 
20 wherein said first magnetically active material is a 
permanent magnetic material having a remanent mag 
netic ?eld of at least about 0.9 T and said second mag 
netically active material is a non-permanent magnetic 
material. 

24. The downhole seismic source according to claim 
20 wherein said first magnetically active material is a 
rare earth permanent magnetic material and said second 
magnetically active material is a non-permanent mag 
netic material. 

25. The downhole seismic source according to claim 
24 wherein said first rare earth permanent magnetic 
material is samarium cobalt. 
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26. The downhole seismic source according to claim 
24 wherein said ?rst rare earth permanent magnetic 
material is Neodymium-Iron-Boron. 

27. The downhole seismic source according to claim 
20 wherein said second magnetically active material is a 
non-permanent ‘magnetic material and said inner core is 
comprised of: an innerportion constructed from non 
permanent magnetic material and an outer portion con 
structed from a permanent magnetic material having a 
remanent magnetic ?eld of at least about 0.9 T. 

28. ‘The downhole seismic source according to claim 
20 wherein said said second magnetically active mate 
rial is a non-permanent magnetic material and said inner 
core is comprised of: an inner. portion constructed from 
non-permanent magnetic material and an outer portion 
constructed from rare earth permanent magnetic mate 
rial. 

29. ‘The downhole seismic source according to claim 
20 wherein said second magnetic material has a rema 
nent magnetic ?eld of at least about 0.9 T and said ?rst 
magnetically active material is a non-permanent mag 
netic material. 

30. The downhole seismic source according to claim 
20 wherein said second magnetically active material is a 
rare earth permanent magnetic material and said ?rst 
magnetically active material is a non-permanent mag 
netic material. 

31. The downhole seismic source according to claim 
30 wherein said second rare earth permanent magnetic 
material is samarium cobalt. 

32. The downhole seismic source according to claim 
30 wherein said second rare earth permanent magnetic 
material is Neodymium-Iron-Boron. 

33. The downhole seismic source according to claim 
20 wherein said first magnetically active material is a 
non-permanent magnetic material and said outer core is 
comprised of: an outer portion constructed from non 
permanent magnetic material and an irmer portion con 
structed from a permanent magnetic material having a 
remanent magnetic ?eld of at least about 0.9 T. 

34. The downhole seismic source according to claim 
20 wherein said said ?rst magnetically active material is 
a non-permanent magnetic material and said outer core 
is comprised of: an outer portion constructed from non 
permanent magnetic material and an inner portion con~ 
structed from rare earth permanent magnetic material. 

35. The downhole seismic source according to claim 
20 wherein said actuator is capable of achieving forces 
in excess of about 1000 newtons. 

36. The downhole seismic source according to claim 
20 wherein said actuator is capable of achieving forces 
of between about 3000 and 4000 newtons. 

37. The downhole seismic source according to claim 
20 wherein said actuator is capable of achieving forces 
of between about 1000 and 18,000 newtons. 

38. The downhole seismic source according to claim 
20 having at least a second linear electromagnetic actua 
tor. 

39. The downhole seismic source according to claim 
20 wherein said actuator is oriented in parallel with 
respect to the wellbore and said reaction mass is rotat 
able about its lengthwise axis and vibrates torsionally in 
a twisting motion. 

40. The downhole seismic source according to claim 
20 wherein said actuator is oriented perpendicularly 
with respect to the wellbore and said reaction, mass 
vibrates along a lengthwise axis of said reaction mass. 
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41. The downhole seismic source according to claim 

20 wherein said source is less than about 12.5 cm in 
diameter and said actuator is at least about 1 meter in 
length. - ' 

42. The downhole seismic source according to claim 
20 wherein said actuator is about 2 meters in length. 

43. The downhole seismic source according to calim 
20 further comprising at least one motion sensing de 
vice, said motion sensing device being acoustically iso 
lated from said actuator and capable of being indepen 
dently coupled to the wellbore. 

44. The downhole seismic source according to claim 
43 wherein said ?rst and said second magnetically ac 
tive material are selected from: iron, iron alloys, perma 
nent magnetic material, and mixtures thereof. 

45. The downhole seismic source according to claim 
44 wherein said permanent magnetic material has a 
remanent magnetic ?eld, of at least about 0.9 T. 

46. The downhole seismic source according to claim 
44 wherein said permanent magnetic material is a rare 
earth permanent magnetic material. 

47. The downhole seismic source according to claim 
43, wherein said motion sensing devices are comprised 
of: geophones, accelerometers, and mixtures thereof. 

48. The downhole seismic source according to claim 
42 further comprising a non-isolated motion sensing 
device, said non-isolated motion sensing device being 
acoustically coupled to said actuator. 

49. The downhole seismic source according to claim 
43 wherein said actuator is capable of achieving forces 
in excess of about 1000 newtons. 

50. The downhole seismic source according to claim 
43 wherein said actuator is capable of producing seismic 
waves in a frequency range of about 10 to 200 hz. 

51. The downhole seismic source according to claim 
43 wherein said actuator is capable of producing seismic 
waves in a frequency range of about 10 to 1500 hz. 

52. A downhole seismic source comprising: 
a housing; _ 

a reaction mass within said housing; 
a clamping means for coupling said housing securely 

within a wellbore; and 
an electromagnetic actuator means within said hous 

ing for moving said reaction mass to create substan 
tially pressure waves and shear waves. 

53. The downhole seismic source of claim 52 wherein 
said electromagnetic actuator means is a linear electro 
magnetic actuator comprising: 

(a) an armature winding capable of producing a mag 
netic ?eld; and 

(b) a cylindrically shaped shell constructed substan 
tially from magnetically active material, said shell 
reacting with the magnetic ?eld generated by said 
armature winding when said armature winding is 
energized. 

54. The downhole seismic source according to claim 
53 wherein said magnetically active material is selected 
from: iron, iron alloys, permanent magnetic material, 
and mixtures thereof. 

55. The downhole seismic source according to claim 
54 wherein said permanent magnetic material includes 
rare earth permanent magnetic material. 

56. The downhole seismic source according to claim 
52, wherein said actuator is capable of achieving forces 
in excess of about 1000 newtons. 

57. A downhole seismic source comprising: 
(a) a housing; 



4,715,470 
13 . 

(b) a clamping means for coupling said housing se 
curely within a wellbore; 

(c) a linear eletromagnetic actuator within said hous 
ing; and 

(d) a reaction mass slidably positioned in said actuator 
such that motion of said mass will impart substan 
tially shear waves and pressure waves on a sur 
rounding formation. 

58. The downhole seismic source according to claim 
57, whrein said linear electromagnetic actuator further 
comprises: 

(a) a shell having an outer portion attached to said 
housing and an inner portion; , 

(b) an armature winding attached to said inner por 
tion of said shell; and 

(c) a magnetically active inner core reaction mass. 
59. A downhole seismic source according to claim 58 

wherein said armature winding is constructed to move 
linearly along its lengthwise axis when said armature is 
energized. 

60. A method of generating seismic waves compris 
mg: 

lowering a seismic source into a borehole in an 
earthen formation said seismic source comprising a 
housing, a linear electromagnetic liner actuator a 
reaction mass slidably positioned within said actua 
tor, and a clamping means; 

securing said seismic source in the formation with 
said clamping means; 

energizing said electromagnetic liner actuator to 
move said mass to generate substantially pressure 
waves and shear on said earthen formation. 

61. The method as recitd in claim 60 wherein the step 
of energizing said electromagnetic liner actuator gener 
ates vibrational forces exceeding about 1,000 newtons. 

62. The method as recited in claim 60 wherein the 
step of enregizing said electromagnetic linear actuator 
generates vibrational forces exceeding between about 
12,000 and 18,00 newtons. 

63. The method as recited in claim 60 wherein the 
step of energizing said electromagnetic linear actuator 
generates vibrational forces exceeding between about 
1,000 and 18,000 newtons. 

64. The method as recited in claim 60 wherein said 
vibrational forces are generated along a lengthwise axis 
of said borehole. 

65. The method as recited in claim 60 wherein said 
vibrational forces are generated perpendicularly to a 
lengthwise axis of said borehole. 

66. The method as recited in claim 60 wherein said 
vibrational forces are generated torsionally in said bore 
hole. 

67. The method as recited in claim 60 further com 
prising the step of sensing the motion of said electro 
magnetic linear actuator. 

68. A downhole seismic source comprising: 
ahousing; 
a clamping means for coupling said housing securely 

within a wellbore; and 
a linear electromagnetic actuator within said housing 

comprising; 
(a) a cylindrically shaped shell having an outer 

portion attached to said housing and an inner 
portion; 

(b) an armature winding attached to said inner 
portion of said shell; and 

(c) an inner core reaction mass slidably positioned 
inside said armature winding, said reaction mass 
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14 
substantially constructed from a magnetically 
active material and moving linearly along its 
lengthwise axis when said armature winding is 
energized, said mass comprised of iron laminated 
with a rare earth permanent magnetic material. 

69. A downhole seismic source comprising: 
a housing; 
a clamping means for coupling said housing securely 

within a wellbore; and 
a linear electromagnetic actuator within said housing, 

comprising; 
(a) an armature winding attached to said housing, 

said armature winding having a cylindrical shape 
around a center axis; and 

(b) a reaction mass comprising: 
(i) a center shaft coaxially positioned inside said 

armature winding and adapted to be slidably 
movable along its lengthwise axis; 

(iii) a cylindrically shaped inner core attached to 
said center shaft and coaxially positioned be 
tween said center shaft and said armature 
winding, said inner core being substantially 
constructed from a ?rst magnetically active _ 

material; and 
(iii) a cylindrically shaped outer core attached to 

said center shaft and coaxially positioned out 
side said armature winding, said outer core 
being substantially constructed from a second 
magnetically active material, said second mag 
netically active material being a non-perma 
nent magnetic material and said inner core 
comprised of: 

an inner portion constructed from non-permanent 
magnetic material and an outer portion constructed 
from a permanent magnetic material having a re 
manent magnetic ?eld of at least about 0.9 T; 

said reaction mass moving reiteratively from a 
?rst position to a second position when said ar 
mature winding is energized. 

70. A downhole seismic source comprising: 
a housing; 
a clamping means for coupling said housing securely 

within a wellbore; and 
a linear electromagnetic actuator within said housing, 

comprising; 
(a) an armature winding attached to said housing, 

said armature winding having a cylindrical shape 
around a center axis; and 

(b) a reaction mass comprising: 
(i) a center shaft coaxially positioned inside said 

armature winding and adapted to be slidably 
movable along its lengthwise axis; 

(ii) a cylindrically shaped inner core attached to 
said center shaft and coaxially positioned be 
tween said center shaft and said armature 
winding, said inner core being substantially 
constructed from a ?rst magnetically active 
material; and 

(iii) a cylindrically shaped outer core attached to 
said center shaft and coaxially positioned out 
side said armature winding, said outer core 
being substantially constructed from a second 
magnetically active material, said second mag 
netically active material being a non-perma 
nent magnetic material and said inner core 
comprised of: an inner portion constructed 
from non-permanent magnetic material and an 
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outer portion contructed from rare earth per 
manent magnetic material; 

said reaction mass moving reiteratively from a 
?rst position to a second position when said ar 

_ mature winding is energized. 
71. A downhole seismic source comprising: 
a housing; 
a clamping means for coupling said housing securely 

within a wellbore; and 
a linear electromagnetic actuator within said housing, 

comprising; 
(a) an armature winding attached to said housing, 

said armature winding having a cylindrical shape 
around a center axis; and 

(b) a reaction mass comprising: 
(i) a center shaft coaxially positioned inside said 

armature winding and adapted to be slidably 
movable along its lengthwise axis; 

(ii) a cylindrically shaped inner core attached to 
said center shaft and coaxially positioned be 
tween said center shaft and said armature 
winding, said inner core being substantially 
constructed from a ?rst magnetically active 
material, said ?rst magnetically active material 
being a non-permanent magnetic material and 
said outer core comprised of: an outer portion 
constructed from non-permanent magnetic 
material‘ and an inner portion constructed 
from a permanent magnetic material having a 
remanent magnetic ?eld of at least about 0.9 TV‘; 
and 

(iii) a cylindrically shaped outer core attached to 
said center shaft and coaxially positioned out 
side said armature winding, said outer core 
being substantially constructed from a second 
magnetically active material; 
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16 
said reaction mass moving reiteratively from a 
?rst position to a said position when said arma 
ture winding is energized. 

72. A downhole seismic source comprising: 
a housing; 
a clamping means for coupling said housing securely 

within a wellbore; and 
a linear electromagnetic actuator within said housing, 

comprising; 
(a) an armature winding attached to said housing, 

said armature winding having a cylinddrical 
shape around a center axis; and 

(b) a reaction mass comprising: 
(i) a center shaft coaxially positioned inside said 

armature winding and adapted to be slidably 
movable along its lengthwise axis; 

(ii) a cylindrically shaped inner core attached to 
said center shaft and coaxially positioned be 
tween said center shaft and said armature 
winding, said inner core being substantially - 
constructed from a ?rst magnetically active 
material, said ?rst magnetically active material 
being a non-permanent magnetic material and 
said outer core comprised of: an outer portion 
constructed from non-permanent magnetic 
material and an inner portion constructed 
from rare earth permanent magnetic material; 
and 

(iii) a cylindrically shpaed outer core attached to 
said center shaft and coaxially positioned out 
side said armature winding, said outer core 
being substantially constructed from a second 
magnetically active material; 

said reaction mass moving reiteratively from a 
?rst position to a second position when said ar 
mature winding is energized. 

Ii * * * i 
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